Introduction
Marine ecosystems represent a large and as yet largely under explored reservoir of biodiversity with respect to industrially useful biocatalysts. These ecosystems can range from coastal environments to deep-sea hydrothermal vents with high hydrostatic pressure and temperatures as high as approximately 400 °C. Marine ecosystems are also subject to low temperatures with the average temperature of the deep oceans being around 3 °C. 1 The survival of microorganisms under these conditions is likely to have resulted in the development of quite novel microbial cellular biochemistry and metabolism, thereby ensuring that these bacteria are likely to possess unique enzyme systems, such as increased salt tolerance and cold adaptivity, which match many industrial requirements. 2 The biological relevance and large variability of lipids has led to the evolution of a wide variety of lipid-degrading enzymes throughout all the kingdoms of life. Among these lipases and/or esterases, which belong to the group of enzymes that catalyzes the cleavage of chemical linkages by the addition of a water molecule, are considered to be the most important biocatalysts due to their widespread biological functions and biotechnological potential. 3, 4 There has been great recent interest in lipase producing microorganisms primarily due to the utility of lipases in various industrial applications, where their stability, high activity levels in organic solvents, and enantio-and/or stereoselectivity are particularly attractive. These properties coupled with their broad substrate range have resulted in their use in waste treatment, textile processing, as additives in detergents, and in various biofuel production applications. 5 Thus, given the potential utility of lipases in various industrial applications, there is currently much interest in isolating novel enzymes particularly halophilic lipases for use in catalytic applications where high salt stability is desirable such as in the food and nutraceuticals industry, or in microalgae-based biofuel systems. 6 Biofilms are formed by the aggregation of bacterial cells on biotic and abiotic surfaces. Naturally existing biofilms are a major threat to human health, with up to 80% of clinical infections involving biofilm formation, while biofilms that form on indwelling medical devices are responsible for a large proportion of hospital-acquired infections. 7 Biofilm formation is also a major problem in membrane-based water treatment systems causing a decline in water fluxes and necessitating an increase in cleaning frequency. 8 Biofilm formation continues to be a problem 3 alan DW Dobson, 3 and Joseph Selvin a halotolerant thermostable lipase was purified and characterized from the marine bacterium Oceanobacillus sp. PUMB02. This lipase displayed a high degree of stability over a wide range of conditions including pH, salinity, and temperature. It was optimally active at 30 °C and pH 8.0 respectively and was stable at higher temperatures (50-70 °C) and alkaline pH. The molecular mass of the lipase was approximately 31 kDa based on SDS-PaGe and MaLDI-TOF fingerprint analysis. Conditions for enhanced production of lipase by Oceanobacillus sp. PUMB02 were attained in response surface method-guided optimization with factors such as olive oil, sucrose, potassium chromate, and NaCl being evaluated, resulting in levels of 58.84 U/ml being achieved. The biofilm disruption potential of the PUMB02 lipase was evaluated and compared with a marine sponge metagenome derived halotolerant lipase Lpc53e1. Good biofilm disruption activity was observed with both lipases against potential food pathogens such as Bacillus cereus MTCC1272, Listeria sp. MTCC1143, Serratia sp. MTCC4822, Escherichia coli MTCC443, Pseudomonas fluorescens MTCC1748, and Vibrio parahemolyticus MTCC459. Phase contrast microscopy, scanning electron microscopy, and confocal laser scanning microscopy showed very effective disruption of pathogenic biofilms. This study reveals that marine derived hydrolytic enzymes such as lipases may have potential utility in inhibiting biofilm formation in a food processing environment and is the first report of the potential application of lipases from the genus Oceanobacillus in biofilm disruption strategies.
in marine environments, leading to corrosion of metals and the undesirable colonization of surfaces by fouling microorganisms causing not only extensive material damage but also significant economic costs. 9 In addition, biofilm formation by food pathogens is common in the food industry, where attachment to food products or to surfaces that are in contact with products leads not only to economic losses but also to an increased risk of occurrence of bacterial food borne diseases within the consumer food chain. 10 Most of the current procedures for the removal of biofilm rely on stringent chemical cleaning regimes of the colonized surfaces, with a wide range of biocides, sanitizers, and disinfectants being used in controlling biofilms. However these chemical agents have little or no effect on established biofilms.
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In addition, the use of toxic biocides such as triorganotins has been banned, thereby increasing research interest in non-toxic environmentally friendly alternatives, such as the use of enzymes (such as halotolerant antifouling enzymes that form the focus of this study), which represent a potentially attractive strategy for the control and removal of biofilms.
Enzymes are known to remove biofilms by destroying the physical integrity of the biofilm matrix of so called Extracellular Polymeric Substances (EPS). 12, 13 Commercially available proteases such as trypsin, proteinase K, and subtilisin have successfully been used to remove biofilms, [14] [15] [16] while biofilms can also be removed using polysaccharide-degrading enzymes such as cellulases. For example cellulases from the fungus Penicillium faniculusum have been reported as one of the most effective enzymes in degrading mature biofilms of Pseudomonas aeruginosa. 17 Cellulases have also been shown to be effective in degrading the exopolysaccharide of Pseudomonas fluorescens. 17, 18 Lipases isolated from the wax moth (Galleria mellonella) have been shown to have bactericidal action against Mycobacterium tuberculosis (MBT) H37Rv and a lipase from bovine pancreas has been shown to degrade EPS and prevent biofilm formation in marine environments. 13 Lysobacter gummosus has also recently been reported to produce peptidases, which degrade biofilms formed by Staphylococcus epidermidis. 
Results

Screening and characterization of lipases
Forty four bacteria were isolated from the seawater samples and screened on both tributyrin and olive oil plates. Of these, 6 isolates were positive for lipase activity on tributyrin plates while one isolate PUMB02 was positive on both tributyrin and olive oil plates. The strain PUMB02 displayed a clear halo zone of 4 ± 1 mm (mean + S.D., n = 3) around the colony on tributyrin as well as on olive oil agar plates (Fig. 1B and C) . The PUMB02 strain was characterized as being Gram negative and was negative for catalase, oxidase, indole, methyl red and citrate production. It was positive in the Voges-Proskauer test and grew over a temperature range of 25-40 °C with optimal growth at 30 °C. On nutrient agar (supplemented with 2% NaCl) it produced slightly brown colored shiny surface umbellate transparent colonies (Fig. 1A) . BLASTn analysis of the 16S rRNA gene sequence of PUMB02 showed a sequence similarity of 98% with strains of Oceanobacillus sp. Based on the biochemical characteristics and phylogenetic analysis, the isolate PUMB02 was classified as Oceanobacillus sp. (Fig. 2) . The seqmatch program of Ribosomal Database Project II (RDP II) showed that the sequence of PUMB02 was from the genus Oceanobacillus. The RDPII analysis indicated that the isolate had the closet match with Oceanobacillus caeni (S-11; AB275883) and Oceanobacillus sp. (ITM13; FR667183). In the maximum parsimony phylogenetic tree, the isolate PUMB02 located to a unique branch within the Oceanobacillus group (Fig. 2) . All the closest branches of the phylogenetic tree were Oceanobacillus sp., Oceanobacillus profundus strains, and Oceanobacillus caeni strains. Based on the morphological, biochemical characteristics, and phylogenetic analysis, the isolate PUMB02 was classified as an Oceanobacillus sp.
Statistical optimization of lipase production by Oceanobacillus sp. PUMB02 by response surface method Conventional optimization using one-factor-at-a-time experiments precludes the possible interactive effect of variables. To overcome this problem, optimization was performed by employing response surface methodology (RSM). RSM is a regression-based mathematical modeling tool, which is typically used to explore interactive responses of multiple factors influencing lipase production. Here 11 factors affecting lipase production were optimized through one factor at a time experiments. Based on this data, the critical control factors such as olive oil, sucrose, potassium chromate, and NaCl were selected for statistical optimization to determine the interactive effect of these factors on lipase production. Three-D surface graphs were developed which predicts the response over a range in the design surface and it accounts for two factors at a time while keeping the other two at a fixed level (Fig. 3) . The CCD ANOVA suggests which of the selected factors are significant with respect to maximum lipase production ( Table S4 ). The maximum lipase production obtained in the RSM-guided experiments was 58.84 U/ml with factors such as olive oil, sucrose, potassium chromate and NaCl at concentrations of 10 ml/L, 15 g/L, 15 mg/L, and 7% (v/v) respectively. The coefficient of determination (R 2 ) was found to be 0.9875, confirming the adequacy of the model. The observed close fit of the model to the experimental data provides good evidence that this model can be used to optimize lipase production.
Purification of lipase PUMB02
To purify the lipase from PUMB02, the cell free supernatant (CFS) was first subjected to ammonium sulfate precipitation, followed by dialysis, butyl-sepharose fast flow Pharmacia column separation, anion-exchange chromatography on DEAE cellulose, and gel filtration chromatography on Sephadex G-75 column. The highest lipase activity was detected in the 80-100% fraction of the ammonium sulfate precipitate. The recovered active fraction from the 80-100% ammonium sulfate precipitation of culture broth was then subjected to an anion exchange column eluted with a NaCl gradient which showed the protein had absorbed to the resin matrix (Fig. 4A) . The partially purified preparation was concentrated and applied to a gel filtration column. The protein was further purified using Sephadex G-75 and tested for lipase activity (Fig. 4B) . The enzyme was purified 34.56-fold after Sephadex G-75 chromatography with the active column fraction showing a specific activity of 5.53 U/mg protein ( Table 1) . The molecular mass of purified protein was approximately 31 kDa based on the results of SDS-PAGE and MALDI-TOF (Fig. 5) . The MALDI-TOF analysis of the tryptic digest fingerprint matched with a lipase from Ornithinibacillus scapharcae in the NCBI database (accession number gi|497784402). PHYRE 2 was used to predict the 3D structure of the lipase ( Table S1 ). The genera Oceanobacillus and Ornithinibacillus are related, with both being within the family Bacillaceae.
FT-IR analysis FT-IR analysis of the PUMB02 lipase showed a Broad Peak around 3600-3000 cm -1 corresponding to the hydrogen bonded stretching vibration of -N-H or O-H. The amide I band (1700-1600 cm -1 ) typically provides both qualitative and quantitative data on the composition of the secondary-structure of proteins, thus the peak observed here around 1700-1600 cm -C-N stretching band and the CH 2 -bending frequency respectively, while the strong broad peak around 1100-900 cm -1 is likely to correspond to the -C-O stretching vibration (Fig. 6) .
Stability of lipase PUMB02
The enzyme was stable at higher temperatures (50-70 °C) retaining approximately 82% of its original activity at 70 °C for 3 h and almost 48% activity at 90 °C. Thus, the lipase shows stability at temperatures from 4 °C to 70 °C. The pH stability of the enzyme was assessed following incubation for 24 h at pH ranging from 3-12 in different buffer systems. The lipase was stable over a range of pH values retaining 70% activity at the lowest pH 3, while retaining around 60% residual activity at pH 12 ( Table 2) . Metal ions such as Ca 2+ , Fe 3+ and Mg 2+ were found to enhance the enzyme activity while Al 3+ , Co 2+ , Mn 2+ , and Zn 2+ ions inhibited the enzyme activity. Among the esters used, variable hydrolytic activity was observed toward p-nitrophenyl esters, with maximum hydrolytic activity being observed for p-nitrophenyl palmitate compared with other esters (Table S2) .
Evaluation of lipase for biofilm disruption and biofilm inhibitory concentration determination
A range of biofilm inhibitory concentration (BIC) concentrations ranging from 50, 100, and 150 µl of lipases were tested for their biofilm disruption capabilities. Preformed biofilms of E. coli MTCC443, B. cereus MTCC1272, Pseudomonas fluorescens MTCC1748, Vibrio parahemolyticus MTCC459, Serratia sp MTCC4822, and Listeria sp. MTCC1143 were found to be effectively disrupted by the Lpc53E1 lipase and Oceanobacillus lipase respectively (Fig. 7) . The lowest BIC of Lpc53E1 lipase was recorded against E. coli at 50 µl (Fig. 7B) whereas the BIC of the Oceanobacillus lipase was 150 µl against all tested pathogens (Fig. 7A) . The biofilm disrupting ability of the lipases determined from the microplate assay was subsequently confirmed using phase contrast microscopy where disruption of E. coli, B. cereus, Pseudomonas sp., Vibrio sp., S. typhimurium, and Listeria sp. was observed at a concentration of 150 µl for the PUMB02 lipase; while for the Lpc53E1 lipase concentrations of (50 µl) E. coli, (100µl) B. cereus, S. typhimurium, and (150 µl) Pseudomonas sp., Vibrio sp., Listeria sp. were required for effective biofilm disruption respectively (Fig. 8) . Confocal laser scanning microscopy (CLSM) was subsequently employed to monitor preformed biofilms of Bacillus, E. coli, Listeria, Pseudomonas, Vibrio, and Serratia on glass slides following 1 h treatment with PUMB02 and Lpc53E1 lipases. Image analysis indicates that both lipases resulted in an effective 90-95% disruption in biofilms in all the pathogens tested (Fig. 9) . Scanning electron microscopy (SEM) was subsequently employed to further visualize the biofilm disruption effect of both lipase preparations. Clear inhibition of biofilm formation in V. parahemolyticus treated with the lipases is evident from the SEM image (Fig. 10) , with the Lpc53E1 lipase being more effective in inhibiting biofilm formation (Fig. 10B) when compared with the Oceanobacillus lipase (Fig. 10C) .
Discussion
In this paper we report on the isolation, purification and biochemical characterization of a halotolerant thermostable lipase from the marine bacterium Oceanobacillus sp. PUMB02, which was isolated from seawater samples collected from Pondicherry on the east coast of India. We chose this marine environment corresponds to the amide -C-N stretching band. The strong and broad peak around 1100-900 cm -1 corresponds to the -C-O stretching vibration. as it has long been recognized as an untapped source of novel biocatalysts. 2 In addition a number of lipases have to date been isolated from both marine bacteria and marine metagenomic libraries which have novel biochemical characteristics. [20] [21] [22] Lipases from microorganisms are currently the focus of much interest given their large potential in a wide variety of industrial applications in the food, pharmaceutical, cosmetics, fine chemical and dairy industries amongst others coupled with their potential use in anti biofouling 8, 23 and anti-biofilm strategies. 24 Following screens involving both tributyrin and olive oil plates a bacterial strain (PUMB02) with good activity was isolated, which, following phylogenetic analysis, was classified as an Oceanobacillus species. Oceanobacillus is a genus in the family Bacillaceae which include the genus Ornithinibacillus which can be differentiated based on the unique feature of the presence of l-ornithine in the peptidoglycan. 25 The full taxonomic description of PUMB02 is beyond the scope of this report and will be considered in more detail in further research. Oceanobacillus iheyensis is the type species of the Oceanobacillus genus and is an extremely halotolerant and alkaliphilic deep sea species. 26 It is not surprising then perhaps that maximum lipase production in Oceanobacillus PUMB02 was observed up to 7% NaCl and that upon purification and subsequent biochemical characterization that the lipase displayed a high level of stability over a wide range of both pH (3-11) and temperature (10-70 °C). This phenomenon of marine derived halotolerant lipases having a high level of stability over a range of pH and temperatures is common; with the Lpc53E1 lipase which was isolated from the metagenome of the marine sponge Haliclona simulans similarly displaying good activity across broad pH (3-12) and temperature (4-60 °C) ranges. 16 While another metagenome derived lipase LipC12, isolated from a metagenomic library constructed from fat-contaminated soil collected from a wastewater treatment plant has also been reported to be stable up to 3.7 M NaCl and from pH 6 to 11 and to be active within the pH 4.5 to 10 range. 27 Characterization of the PUMB02 lipase by MALDI-TOF MS/MS fingerprint analysis showed partial similarity with a hypothetical protein (with an accession number gi498337881) from Oceanobacillus and a lipase from Ornithinibacillus scapharcae in the NCBI database (with an accession number gi497784402). The molecular mass of the purified PUMB02 lipase was approximately 31 kDa based on MALDI-TOF fingerprint and SDS-PAGE analysis. The molecular mass of lipases varies between strains and typical ranges which have been reported include B. thermocatenulatus (16 kDa), 28 Bacillus sp. H-257 (24 kDa), 29 Penicillium expansum (25 kDa), 30 Pseudomonas pseudoalcaligenes F-111 (32 kDa), 31 to Geotrichum candidum (56 kDa). 32 Given that marine bacteria are known to possess anti-biofilm activities, with Pseudomonas haloplanktis TAC125 recently being reported to inhibit biofilm formation in Staphylococcus epidermidis 33 and another Oceanobacillus strain, Oceanobacillus iheyensis BK6 being reported to produce extracellular polymeric substances (EPS) with anti-biofilm activity against a pathogenic strain of Staphylococcus aureus 34 ; we decided to examine the biofilm disruption potential of the Oceanobacillus PUMB02 lipase together with the aforementioned halotolerant recombinant Lpc53E1 lipase and to specifically target their activity against food pathogens.
Many common food pathogens such as Listeria, Pseudomonas, Bacillus, and Salmonella are potential biofilm forming microbes within the food processing sector, which tends to be a "reservoir" for these pathogens by providing an environment which is conducive to biofilm formation. 35, 36 Cross-contamination of foods from these persistent pathogen "reservoirs" is a major risk factor in the food processing environment with respect to the spread of food borne diseases within the consumer food chain. For example, contamination of food processing equipment with biofilms has been reported to be a contributing factor in 59% of food-borne disease outbreaks investigated in France. 37 The biofilm phenotype typically confers an increased resistance to not only environmental stresses such as UV light but also resistance to various chemical cleaning agents including disinfectants, which are typically used in the food processing area, which makes elimination of these biofilms extremely challenging. 10 Enzymes have the potential to be employed in the removal of biofilms formed by food related microorganisms, with proteinase containing disinfectants being reported to be effective against biofilms of Lactobacillus bulgaricus, Lactobacillus lactis, and Streptococcus thermophilus. 38 Both the Oceanobacillus PUMB02 lipase and the recombinant Lpc53E1 lipase were effective in disrupting preformed biofilms of E. coli, B. cereus, Pseudomonas sp., Vibrio sp., Serratia sp., and Listeria sp; with the PUMB02 lipase being active against all biofilms tested, while the Lpc53E1 lipase was particularly active against E. coli biofilms (Fig. 7) . Various microscopic based approaches including phase contrast microscopy, confocal laser scanning microscopy and scanning electron microscopy was subsequently employed to assess and confirm the effective nature of the biofilm disruption and further visualize the disruptive effect of both the lipase preparations.
As previously mentioned enzymes are known to disrupt biofilms by destroying the physical integrity of the biofilm matrix or so called Extracellular Polymeric Substances (EPS). 13, 39, 40 They achieve this by weakening the protein, carbohydrate, and lipid moieties within the overall EPS structure. Lipids are typically located in the matrix of the biofilm and are involved in surface activity and bacterial attachment, facilitating biofilm development as well as in structural maintenance. 41 Thus the disruption of the biofilms observed here by both lipase preparations may have resulted from a loss in the overall integrity of the lipid component of the biofilms resulting in concomitant effects on subsequent biofilm development and maintenance.
The anti-biofilm activity of the marine metagenomic derived Lpc53E1 lipase is particularly interesting. This lipase was isolated from a marine sponge metagenomic library. 20 Marine sponges are known to play host to a wide variety of different microbial phyla where they play significant roles in the host's physiology. 42, 43 Sponges like other sessile marine organisms are exposed to the threat of microfouling and surface colonization, such as biofilm formation. 44 Therefore it is tempting to speculate that sponges may protect their surfaces through the coordinated (spongemicrobial) synthesis of antibiofilm compounds such as for example lipases.
In conclusion this is the first report to our knowledge of the potential application of lipases from the genus Oceanobacillus and of a recombinant metagenome derived lipase in the disruption of biofilms derived from potential food pathogens. Thus it is clear that marine lipases may have potential utility in inhibiting biofilm formation in the food processing area.
Materials and Methods
Isolation and identification of lipase producing microorganism
Seawater samples were collected in 1000 ml sterile sample bottles at 10 min depth from Pondicherry coast at 11° 55′ 51.47′′ N, 79° 47′ 6.65′′ E located on the east coast of India. The samples were transported to the laboratory under ice within 30 min and stored at 4 °C. Samples were serially diluted in sterile aged seawater and plated on Zobell marine agar, and nutrient agar supplemented with 2% NaCl. The colonies were sub-cultured and single colonies were stored as glycerol stock. The isolates were screened on LB agar supplemented with 1% tributyrin and olive oil respectively. Briefly, 1% of tributyrin and olive oil were sonicated in 50 ml of distilled water for 15 min at the interval of 3 min mixed with 50 ml LB agar supplemented with 2% NaCl to obtain a final volume of 100 ml LB agar. Isolated colonies were streaked on tributyrin and olive oil plates and incubated at 30 °C for 48 h. The colonies showing a clear halo formed by the hydrolysis of tributyrin and olive oil were selected for further characterization. Biochemical, morphological and physiological characteristics of the potential lipase producer PUMB02 were determined by adopting standard methods, 45, 46 with identification being confirmed following phylogenetic analysis. Briefly, genomic DNA from strain PUMB02 was extracted with a modification of the previously described method of Enticknap et al. 47 Universal primers 8F (5′-AGA GTT TGA TCC TGG CTC AG-3′) and 1492R (5′-GGT TAC CTT GTT ACG ACT T-3′) were used to target the 16S rRNA gene from the isolate with the 16S rRNA gene product being subsequently cloned using the TOPO TA cloning kit according to the manufacturer's instructions. The 16S rRNA sequence of the isolate was then analyzed using the megablast tool of GenBank (http://www. ncbi.nlm.nih.gov/). 48, 49 Taxonomic affiliation of the 16S rRNA sequences of the isolate PUMB02 was confirmed with classifier program of RDPII. Multiple alignments of these sequences were performed using Clustal W 1.83 version of EBI (http://www.ebi. ac.uk/cgi-bin/clustalw/) with 0.5 transition weight. Phylogenetic trees were constructed in MEGA 6.0 version (http://www. megasoftware.net) using the maximum parsimony algorithm. The maximum parsimony bootstrapping was performed with 1,000 replicates with pseudorandom number generators.
Metagenomic lipase Lpc53E1
Metagenomic library construction and screening for the isolation of lipase Lpc53E1 has previously been reported in Selvin et al. 20 Briefly, a fosmid metagenomic library was constructed from the marine sponge Haliclona simulans and a positive clone pCC1FOS53E1 was obtained by screening on LB agar containing 1% tributyrin. The putative lipase gene Lpc53E1, which encodes a 387 amino acid protein that heterologously expressed in E. coli DH5α cells, was confirmed to possess lipolytic activity.
Production medium
The Oceanobacillus sp. PUMB02 inoculum was prepared by the addition of sterile distilled water to the freshly grown LB slants, and 5 ml of cell suspension was inoculated onto 2 l of sterilized fermentation medium and incubated at 30 °C for 48 at 200 rpm in a shaking incubator. The composition of the fermentation medium was [g/l] 0.1g KH 2 PO 4 , 0.02 g NaCl, 0.02 MgSO 4 , 0.3 g yeast extract, 5ml tributyrin, pH 7.2. The production medium obtained after incubation was harvested by centrifugation at 10 621 x g for 30 min at 4 °C. The cell free supernatant (CFS) was then tested for lipase activity and the protein content of the CFS was estimated by the Biuret method.
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Lipase assay
Titrimetric method Titration of lipase was performed according to Freire et al. 51 Briefly one ml of enzyme was added to 19 ml of 5% (w/v) olive oil and 5% (w/v) arabic gum in phosphate buffer in 100 mM Phosphate buffer, pH 7.0, and incubated at 35 °C and 200 rpm for 15 min. An acetone-ethanol mixture (1:1 v/v) was added, and titrated against sodium hydroxide up to a final pH of 10. One unit of lipase was defined as the amount of enzyme that causes the release of 1 μmol of fatty acid per min under the standard assay conditions.
Spectrophotometric assay with p-nitrophenyl palmitate as substrate
Lipase hydrolytic activity of the crude extract was determined in triplicate by hydrolysis of p-nitrophenyl palmitate (p-NPP) at a wavelength of 410 nm according to Winkler and Stuckmann. 52 The samples were centrifuged for 10 min at 10 621 xg before reading the absorbance at 410 nm (PG Instruments, UK). Lipase activity unit (IU) was defined as micromoles of p-NPP released min -1 by mg -1 of protein under given conditions. Statistical optimization by response surface method A number of individual factors were used for the initial screening by the Plackett-Burman design. In this, a set of 12 experiments was constructed using the Design expert (version 8.07.1) software (Stat-Ease Corporation) for 11 factors (Table S1) , which are all considered to be important factors for lipase production. The Plackett-Burman design was used to test each component at two concentration levels, low (-) and high (+). All these experiments were performed in 200 ml Erlenmeyer flasks containing 100 ml of production medium and the response on lipase activity was measured in each experimental conditions. Followed by Plackett-Burman design, a 2 n factorial Central Composite Design (CCD) was developed to optimize the concentration of the most significant factors to improve the lipase yield. The most significant factors such as olive oil, sucrose, potassium chromate, and NaCl were selected in the three level concentrations with a set of 30 experiments ( Table S2 ). The other significant factors including pH and temperature were set at a constant level. Response data were analyzed and 3D contour plots generated, indicating the optimum concentrations and interaction among these factors for lipase production.
Purification of lipase PUMB02
Lipase was produced under the optimized conditions and the CFS was collected (crude lipase) by centrifugation at 10 621 x g for 20 min at 4 °C and assayed for lipase and protein content. All purification steps were performed at 4 °C. The crude enzyme was precipitated by adding ammonium sulfate crystals up to 80% saturation; the precipitate was collected after centrifugation at 15 294 xg for 15 min and dissolved in 50 mM TRIS-HCl buffer at (pH 7.5) to achieve a 1/4th of the original volume. The re-dissolved solution was dialyzed against 50 mM TRIS-HCl buffer at (pH 7.5) overnight and applied to a fast Flow (Pharmacia) column (1.6 × 20 cm) pre-equilibrated with the same buffer. Bound proteins were eluted by decreasing the concentration of (NH 4 ) 2 SO 4 from 0.5 to 0 M at a flow rate of 1 ml/min. The active fractions were then pooled, concentrated by using a filter membrane (Millipore) and kept in the refrigerator at 4 °C for further purification. The partially purified lipase from the ammonium sulfate fraction was loaded onto a DEAE-cellulose column previously equilibrated with 50 mM TRIS-HCl buffer (pH 7.5). After washing in two bed volumes of initial buffer, the elution was performed with the negative linear gradient of 0.02, 0.04, 0.06, 0.08, and 0.1 N NaCl at a flow rate of 0.5 ml/min. Fractions showing lipase activity were pooled and subjected to Sephadex G-75 column chromatography for further purification.
SDS-PAGE and in-gel-digestion with trypsin
The protein purity and molecular mass was determined using SDS-PAGE. 53 Electrophoresis was performed in 15% polyacrylamide gels at a constant voltage (60 V) and the proteins were detected by silver staining 54 . "In-gel-digestion" with trypsin was performed in SDS-PAGE gels that were stained with Coomassie brilliant blue G-250. Protein bands were excised from the gel and rinsed three times for 10 min with water (HPLC grade, Merck). Reduction was performed with 0.1 M Tris (pH 8.5) containing 0.01 M ethylenediaminetetra acetic acid, 6 M guanidine HCl, and 25 mM dithiothreitol for 30 min at 37 °C. The proteins were subsequently alkylated with 125 mM iodoacetamide in the dark for an additional period of 1 h at 37 °C. Gel pieces were equilibrated twice with 100 ml of 50 mM ammonium bicarbonate (NH 4 HCO 3 , pH 7.8) for 10 min, shrunk with 100 ml of acetonitrile, rehydrated with 100 ml of 50 mM NH 4 HCO 3 (pH 7.8), and finally shrunk with acetonitrile. After air-drying, gel pieces were re-swollen in a digestion buffer, containing 20 ml of 50 mM NH 4 HCO 3 , and 0.05 mg of trypsin (Sigma-Aldrich) at 37 °C for 16 h. Peptides were extracted by subsequent incubation with 50 mM NH 4 HCO 3 , 0.1% trifluoroacetic acid for 20 min at room temperature and finally with 0.1% TFA: acetonitrile (2:3, v/v). The pellet was dissolved in 10 ml of 0.1% TFA.
MALDI-TOF analysis
The digested protein was applied onto the target plates and subjected to MALDI-TOF analysis (Applied Biosystems). The matrix used was α-hydro-cyano-cinnammic acid (CHCA). The Peptide mass fingerprints obtained from the MALDI-TOF-MS was used to search the NCBI nr protein sequence database using Mascot software (Matrix Science, http://www.matrixscience. com). For each Mascot peptide fingerprint search, the target spectrum was queried against a second (decoy) database with characteristics similar to those of the first. Search parameters included a maximum allowed peptide mass error of 100 ppm with consideration of one missed cleavage per peptide. Accepted modifications included carbamido-methylation of cysteine residues (from iodoacetamide exposure) and carboxymethyl (C), a common modification that typically occurs during SDS-PAGE analysis. The criteria for positive identification of proteins were set with statistical significance (P< 0.05) of the match when tested by Mascot, and the matched peptides covered at least 12% of the whole protein sequence.
Characterization of the lipase FT-IR analysis was performed to determine the conformation of the lipase on a Thermo Nicolet 6700 FT-IR Spectrophotometer using potassium bromide (KBr) thin films. Sample and KBr was mixed in a ratio of 1:100 and finely ground in a mortar and pestle. The ground mixture was dried and then applied between two disks to make a pellet. The pellet was subsequently analyzed and the data reported in frequency of absorption (cm -1 ).
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Effect of pH, temperature, and metal ions on the purified enzyme
The temperature stability of the purified lipase obtained from Oceanobacillus sp. PUMB02 collected following column chromatography was assessed at a wide range of temperatures (10-90 °C) at pH 7 for 3 h. The pH stability was determined by performing the assay at pH values ranging from 3 to 12 at 30 °C for 24 h. Different buffer system were used namely; sodium acetate buffer (pH 3-6), phosphate buffer (pH 7), and glycineNaOH buffer (pH 8-12). 17 Residual activity was determined as previously described. To determine the effects of metal ions like Ca 2+ , Fe 3+ , Mg 2+ , Al 3+ , Co 2+ , Mn 2+ , and Zn 2+ on enzyme activity, different concentrations of these metal ions at concentrations up to 10 mM, were added directly to the standard p-NPP assay mixture and the residual activity was calculated.
Substrate specificity of lipase The substrate specificity of the enzyme was assessed by employing different substrates, namely: 4-nitrophenyl palmitate, 4-nitrophenyl laurate, 4-nitrophenyl caprylate, 4-nitrophenyl formate, and 4-nitrophenyl. The substrate concentration used was 20 mM and the enzyme activity was expressed as U/ml. One unit (U) of lipase activity was defined as µM of p-nitrophenol released by hydrolysis of p-NPP by one ml of enzyme at 30 °C under the assay conditions.
Determination of biofilm inhibitory concentration (BIC)
The BIC was determined as the lowest concentration which produces visible inhibition under phase-contrast microscopic observation and significant reduction (P < 0.05) in OD value of microplate assay at 580 nm (Baldassarri et al. 2006) . The BIC of the Oceanobacillus sp. PUMB02 and Lpc53E1 lipases against the test bacteria such as Vibrio parahemolyticus, Pseudomonas fluorescence, Bacillus cereus, Salmonella typhimurium, Escherichia coli, and Listeria monocytogenes was determined by the broth microdilution assay in sterile 96 well microtiter plates (Tarsons). Briefly, pre-grown (36 h) bacterial cell cultures were added to the microtiter plate wells containing nutrient broth to achieve final cell numbers of 1 × 10 7 cells/mL. The purified PUMB02 lipase contained 1.12 µg protein per µl whereas the dialysed active ammonium sulfate fraction of expressed Lpc53E1 lipase contained 1.6 µg protein per µl. Lipases were added to these wells at varying concentrations (50, 100, 150, 200, 250 , and 300 µl in triplicate). The plates were incubated at 30 °C for 48 h and following the incubation period, growth in the presence of the lipase was estimated at OD 600 using a microtiter plate reader (Multiskan, Thermo Lab systems). Wells without lipase and those lacking the cells were used as controls.
Evaluation of biofilm disruption potential by a microtiter plate assay
The biofilm test strains were cultured overnight in LB broth (Himedia) and their microtiter plate adherence was determined as per Stepanovic et al. 56, 57 with suitable modifications. Briefly, cultures were grown in LB broth for 18 h at 37 °C and incubated on a rotary shaker at 200 rpm. The cultures were then centrifuged at 10 621 x g for 5 min at 4 °C and rinsed in phosphate buffered saline (PBS, pH 7.2) three times, then resuspended in LB broth to a turbidity equivalent to 0.5 M McFarland standard. Wells of sterile 96-well U-bottomed microtiter plates were filled with 80 μL of LB broth, 10 μL of each cell suspension and 10 μL each of the test concentration/controls. An aliquot of 100 µl each of cells and lipase and/or control mix was maintained in triplicates. The control was set with a newly developed biofilm, negative control wells were filled with culture broth and 10 μg mL -1 CuSO 4 was used as a positive control. All the triplicate wells were set with purified lipases PUMB02 and Lpc53E1. The control and treated wells were set in a Latin-square arrangement to eliminate any potential extraneous variability row-column effects in the microtiter plates, and experiments were repeated six times to statistically validate the results. Plates were placed on a platform shaker to obtain dynamic culture conditions. The initial OD was measured in a microplate plate reader (Labnics) at 595 nm immediately after inoculation and after 18 h of incubation at 37 °C. The plates were then prepared to quantitate the amount of preformed biofilm. The supernatant of the wells were gently removed and washed thrice with 100 µl of PBS using a multichannel pipette. The wells were air-dried and stained with 200 μL of a 0.4% crystal violet solution (w/v) for 10 min. The stain was then removed from the wells and the wells were rinsed twice with 200 μL of deionized water. The wells were allowed to air dry before solubilisation of the crystal violet with 200 μL of dimethyl sulfoxide. The OD was determined at 595 nm in a microplate reader (Labnics). One of the quadruplicate plate was stained with crystal violet and observed under a phase-contrast microscope with × 40 magnifications (Optica) to evaluate the disruption of biofilms.
Confocal laser scanning microscopy (CLSM) To prepare culture for confocal imaging, the cells were grown in LB broth at 37 °C for 18 h. This fresh culture was used to form biofilm on glass slides and the pre-formed biofilm was treated for 1 h with lipases PUMB02 and Lpc53E1. Untreated biofilms were used as controls and the biofilm coverage thus formed on glass slides were stained with 0.1% acridine orange and subjected to visualization in a CLSM (LSM 710, Carl Zeiss). The 488-nm Ar laser and 500-640 nm band pass emission filter were used to excite and detect the stained cells. Multiple (20) images were scanned and processed using Zen 2009 image software.
Scanning electron microscope (SEM) analysis
A representative strain of Vibrio sp. was used for SEM analysis. An 18 h culture of Vibrio sp. was diluted to 0.1 OD 600 and biofilm of Vibrio was allowed to form on pre-sterilized glass surfaces placed in different wells of a 24 well microtiter plate containing 3 ml LB broth. Biofilms which were not subjected to enzyme treatments were used as control. The preformed Vibrio biofilm was fixed for 4 h with 4% glutaraldehyde and washed three times with 0.1 M PBS in the intervals of 5 min, then fixed to the black transparent in 2% osmium tetroxide. Samples were dehydrated and examined using a scanning electron microscopy (Hitachi, Model: S-3400N).
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